Salinicola rhizosphaerae sp. nov., isolated from the rhizosphere of the mangrove Avicennia marina L. In the course of the study on culturable actinomycetes and the bacterial communities of mangrove rhizospheres, a large number of bacteria and actinomycetes were isolated (data not shown). One of these isolates, designated MSSRFH1 T , occupied a phylogenetic position near Salinicola peritrichatus JCM 18795 T (Huo et al., 2013) . On the basis of 16S rRNA gene sequence analysis, the strain had a sequence similarity of less than 97 % to all type strains of species of the genus Salinicola. Through the results of this study we propose a novel species of the genus Salinicola of the family Halomonodaceae of the class Alphaproteobacteria.
, was isolated from the rhizosphere of the mangrove, Avicennia marina, in Pichavaram, Tamil Nadu, India. Phylogenetic analysis, based on the 16S rRNA gene sequence of MSSRFH1 T , indicated that it clustered in the genus Salinicola and was most closely related to Salinicola peritrichatus JCM18795 T (96.7 % similarity). The 16S rRNA gene sequence similarity was ,96.5 % with other strains of species of the genus Salinicola. The distinctiveness of strain MSSRFH1 T was also shown by low similarities of its rpoD (,87 % similarity) and gyrB (,85 %) gene sequences with those of other members of the genus Salinicola. In the course of the study on culturable actinomycetes and the bacterial communities of mangrove rhizospheres, a large number of bacteria and actinomycetes were isolated (data not shown). One of these isolates, designated MSSRFH1 T , occupied a phylogenetic position near Salinicola peritrichatus JCM 18795 T (Huo et al., 2013) . On the basis of 16S rRNA gene sequence analysis, the strain had a sequence similarity of less than 97 % to all type strains of species of the genus Salinicola. Through the results of this study we propose a novel species of the genus Salinicola of the family Halomonodaceae of the class Alphaproteobacteria.
Rhizosphere soils of Avicennia marina L. were collected from Pichavaram (118 N 259 35.90 and 798 E 489 2.080), Tamil Nadu, India, and were serially diluted and plated onto yeast malt agar (HiMedia) amended with 2 % (w/v) NaCl. The plates were incubated at 28 8C for 14 days. Bacterial colonies that appeared along with actinomycete colonies were subcultured and incubated under the same conditions. All the bacterial and actinomycete isolates were screened for NaCl tolerance levels. Strain MSSRFH1
T was of particular interest due to a unique NaCl tolerance (up to 30 %, w/v), while the remaining strains grew well at between 0-15 % (w/v) NaCl. Strain MSSRFH1 T was maintained on yeast malt agar supplemented with 8 % (w/v) NaCl. Pure cultures were maintained in 20 % (v/v) glycerol stocks and stored at 280 8C.
Colony morphology was examined following growth of the isolate on Zobell marine agar (HiMedia) amended with 8 % (w/v) NaCl incubated at 28 8C for 3 days. Cell morphology was investigated by phase-contrast microscopy (Olympus; CX41) at 406 magnification. Motility was checked by the hanging drop method. The Gram reaction was determined using a HiMedia Gram staining kit according to the manufacturer's instructions. All phenotyphic tests were performed according to Mata et al. (2002) and Arahal et al. (2007) , unless stated otherwise. Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was determined by using oxidase discs (HiMedia). Growth at various temperatures was assessed in SW10 broth (Ventosa et al., 1982) at the optimum pH for growth. The cultures were incubated at different temperatures ranging from 10-44 8C for 36 h and growth was measured turbidometrically at 660 nm.
Growth in 0-35 % (w/v) NaCl (0, 0.5, 1. 0, 2.0, 5.0, 5.0, 7.0, 9.0, 11.0, 13.0, 15.0, 17.0, 19.0, 21.0, 23.0, 25.0, 27.0, 29.0, 30.0, 31.0, 33.0 and 35.0 %, w/v) was determined in modified SW10 adjusted to pH 7.0 (Ventosa et al., 1982) . The pH for growth was determined at pH 3.5-11.5 in SW10 media at 28 8C. For pH 3.5-6.8, the pH was adjusted by the addition of 1M HCl and for pH 6.8-11.5 by the addition of 1M NaOH.
Antibiotic sensitivity of the isolates was tested using antibiotic discs (HiMedia) containing the following antibiotics (mg): streptomycin (25), erythromycin (10), tobramycin (10), amikacin (10), chloramphenicol (30), ciprofloxacin (10), cephotaxime (30), gentamicin (10), norfloxacin (10), vancomycin (30), carbencillin (100), polymyxin B (30) and neomycin (30). The effects of antibiotics on cell growth were assessed from the zone of inhibition and compared by following the manufacturer's instructions. Various biochemical tests, such as the hydrolysis of starch and urea, H 2 S production, indole production, the methyl red and the Voges-Proskauer test were carried out with the prescribed media modified with the addition of 8 % (w/v) NaCl (Cappuccino & Sherman, 1998) . All the tests were carried out in triplicate in medium containing 8 % (w/v) NaCl. Utilization of various carbon sources was determined using a mineral salts medium composed of (all l -1 ): 80 g NaCl, 2 g KCl, 0.2 g MgSO 4 . 7H 2 O, 1 g KNO 3 , 1 g (NH 4 ) 2 HPO 4 , 0.5 g KH 2 PO 4 and 0.05 g yeast extract according to Arahal et al. (2007) . Filter-sterilized substrates were added to this medium at a final concentration of 2 gl
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.
Cells of strain MSSRFH1
T were Gram-stain-negative rods that occurred singly and were motile. Colonies were circular, convex and yellow with scalloped margins in Zobell marine agar. The temperature range for growth of MSSRFH1
T was between 25 and 37 8C, with optimal growth at 28 8C. The organism grew optimally at pH 7 and NaCl was obligatory for growth. It tolerated up to 30 % (w/v) NaCl with optimum growth occurring at 10-15 % (w/v) NaCl. It was sensitive to the following antibiotics: polymyxin B, chloramphenicol, ciprofloxacin, cephotaximine, norfloxacin and was resistant to streptomycin, erythromycin, tobramycin, amikacin, carbencillin, gentamicin, vancomycin and neomycin. Strain MSSRFH1 T could be differentiated from recognized species of the genus Salinicola on the basis of some phenotypic characteristics including NaCl tolerance, growth on different carbohydrates, acid production from sugars and susceptibility to antibiotics (Table 1) . Detailed characterization of MSSRFH1
T is provided in the species description.
Genomic DNA was extracted and purified from strain MSSRFH1 T according to the method of Marmur (1961) . PCR amplification of the 16S rRNA gene was carried out by using the primer set 27f and 1492r (Lane, 1991) . Amplification and sequencing conditions were as described previously (Rameshkumar & Nair, 2009 ) with fluorescent terminators (Big Dye, Applied Biosystems) and a 3130xl Applied Biosystems ABI prism automated DNA sequencer.
The sequences of the rpoD and gyrB housekeeping genes were obtained as described previously (de la Haba et al., 2012) . The CLUSTAL W algorithm of MEGA 4.0 software (Tamura et al., 2007) was used for sequence alignments and for phylogenetic analysis of the individual sequences. Distances were calculated by using the Kimura correction in a pairwise deletion manner (Kimura, 1980) . Neighbour-joining (Saitou & Nei, 1987) and Maximumparsimony (Fitch, 1971 ) methods in MEGA 4.0 (Tamura et al., 2007) software were used to reconstruct phylogenetic trees. Percentage support values were obtained using the (Aguilera et al., 2007) . All taxa were Gram-stain-negative motile rods, positive for the methyl red test, negative for the Voges-Proskauer test, positive for growth on glucose and raffinose, but negative for arabinose. Also they were all negative for the indole reaction, sensitive to chloramphenicol. ciprofloxacin, cephotaximine and norfloxacin, but resistant to the antibiotics streptomycin, erythromycin, tobramycin, amikacin and vancomycin. All strains were positive for acid production from glucose, fructose and galactose. +, Positive reaction; 2, negative reaction; ND, not determined; R, resistant; S, sensitive. Salinicola rhizosphaerae sp. nov.
bootstrap procedure. The G+C content of DNA was determined by reverse-phase HPLC (Mesbah et al., 1989 ).
An almost complete sequence (1450 bp) of the 16S rRNA gene was obtained. EZ-taxon BLAST results showed that MSSRFH1 T shared 96.7 % 16S rRNA gene sequence similarities to S. peritrichatus JCM18795 T (Huo et al., 2013) , which was the most closely related species (96.7 %). Phylogenetic analysis showed that strain MSSRFH1 T clustered with S. peritrichatus JCM18795 T clearly within the genus Salinicola (Fig. 1) ; a similar topology was noted with the maximum-parsimony method (data not shown).
Generally, a 3 % 16S rRNA gene sequence divergence value has been commonly accepted for the distinction of genomic species (Kim et al., 2012) . The high level of sequence divergence of MSSRFH1 T (.3.3 %) with members of the genus Salinicola with validly published names clearly indicated that strain MSSRFH1
T was a novel species.
An 1121 bp rpoD sequence of strain MSSRFH1 T was compared with sequences from the NCBI database. Analysis showed a low level of similarity to species of the genus Salinicola, with highest similarity to Salinicola halophilus CECT 5903 (83 %) and Salinicola salarius DSM
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Halomonas alkantarctica CRSS T (AJ564880)
Halomonas variabilis III T (AJ306893)
Halomonas alkaliphila 18bAG T (AJ640133)
Halomonas andesensis LC6 T (EF622233)
Salinicola salarius M27 T (AM229316)
Salinicola socius SMB35 T (DQ979342)
Salinicola halophilus CG4.1 T (AJ427626)
Salinicola peritrichatus DY22 T (KC005304)
Chromohalobacter israelensis Ba1 T (AJ295144)
Chromohalobacter marismortui CCM 3518 T (X87219)
Chromohalobacter canadensis ATCC 43984 T (AJ295143)
Chromohalobacter beijerinckii ATCC 19372 T (AB021386)
Chromohalobacter japonicus 43 T (AB105159)
Modicisalibacter tunisiensis LIT2 T (DQ641495)
Cobetia crustatorum JO1 T (EU909460)
Cobetia marina 290 T (AJ306890)
Cobetia pacifica CCUG 49562 T (AB646233)
Cobetia amphilecti CCUG 49560 T (AB646236)
Cobetia litoralis CCUG 49563 T (AB646234)
Kushneria sinocarnis Z35 T (FJ667549)
Kushneria aurantia A10 T (AM941746)
Kushneria avicenniae MW2a T (DQ888315)
Halotalea alkalilenta AW-7 T (DQ421388)
Halovibrio denitrificans HGD 3 T (DQ072718)
Ciceribacter lividus MSSRFBL1 T (JQ230000)
Salinicola rhizosphaerae MSSRFH1 T (KJ8604953)
Halomonas almeriensis M8 T (AY858696)
Volcaniella eurihalina F9-6 T (X87218)
Halomonas anticariensis FP35 T (AY489405)
Deleya cupida 79 T (L42615)
Deleya pacifica strain 62 T (L42616)
Deleya aquamarina 558 T (AJ306893)
Deleya halophila F5-7 T (AM941744) 
(85 %)
. A neighbour-joining tree based on rpoD gene sequences was reconstructed (Fig. S1 , available in the online Supplementary Material) and strain MSSRFH1 T was determined to fall firmly within the genus Salinicola. Sequence analysis of the gyrB (1050 bp) housekeeping genes showed sequence similarity values of 88 % and 86 % with the S. peritrichatus JCM 18795, S. salarius DSM 18044 and S. halophilus CECT 5903 gyrB gene, respectively. A phylogenetic tree reconstructed with the neighbour-joining method (Fig. S2) clearly showed that strain MSSRFH1 T clustered with S. peritrichatus within the genus Salinicola. The sequence percentage values of rpoD and gyrB were below 87 %, which is below the intra-species similarity values previously reported (de la Haba et al., 2012) , clearly suggesting that strain MSSRFH1
T represents a novel species of the genus Salinicola.
BOX-PCR fingerprinting profiles from the genomic DNA extracted from isolate MSSRFH1 T and two type strains (S. peritrichatus JCM 18795 T and S. salarius KCTC 12664 T ) was performed using the BOX A1R primer (59 CTA CGG CAA GGC GAC GCT GAC G-39). The amplification was performed as described previously (Rameshkumar & Nair, 2009 ). The PCR products were visualized by agarose gel electrophoresis on a 2 % (w/v) agarose gel. BOX-PCR fingerprinting indicated that strain MSSRFH1 T yielded a unique fingerprint compared with the closely related type strains, S. peritrichatus JCM 18795 T and S. salarius KCTC 12664 T (Fig. 2) . DNA-DNA hybridization was not performed due to the relatively low 16S rRNA gene sequence similarities (,97 %) with other strains of species of the genus Salinicola (Tindall et al., 2010) .
Cellular fatty acid and polar lipid analysis utilized cells grown in tryptic soy broth (Hi Media) supplemented with 10 % (w/v) NaCl at pH 7.0 and harvested when growth of the cultures was around 70 % of its maximal OD (in the exponential growth phase). For fatty acid analysis, 40 mg of cells of MSSRFH1 T and of two reference strains were subjected to a series of four different reagents followed by saponification and methylation of fatty acids, thus enabling their cleavage from lipids. The fatty acid methyl esters obtained were then analysed by gas chromatography equipped with Sherlock MIS software (Microbial ID; MIDI 6.0 version; Agilent: 6850). Peak identification was performed based on the RTSBA6 database (Sasser, 1990 ). The peaks obtained were then labelled and equivalent chain-length values were computed by Sherlock software [fatty acid methyl ester (FAME) analysis was outsourced through Royal Research Laboratories, Secunderabad, India]. Polar lipids were extracted with methanol/chloroform/saline (2 : 1:0.8, by vol.) from 1 g freeze-dried cells as described by Kates (2010) . Separation and identification of lipids was by two-dimensional chromatography on a silica gel TLC plate (Kieselgel 60 F254; Merck) as described by Raj et al. (2012) .
Comparison of the FAME composition of MSSRFH1
T and of the reference strains, S. peritrichatus JCM 18795 T and S. salarius KCTC 12664 T , after growth at a common optimal temperature of 28 8C is shown in Table 2 . The most abundant fatty acids in MSSRFH1
T were C 18 : 1 v7c, C 16 : 0 and C 19 : 0 v8c. Comparison of the FAME results revealed quantitative differences; for example the presence of C 14 : 0 3OH/ 16 : 1 isoI in MSSRFH1
T , but its absence from the other reference strains. Also, the absence of C 18 : 2 v6, 9c/18 : 0ante, C 18 : 1 v9c, C 18 : 1 v7c 11-methyl in MSSRFH1
T , but its presence in the reference strain, S. salarius KCTC 12664
T . Thus the FAME profile was able to differentiate strain MSSRFH1
T from S. peritrichatus JCM 18795
T and S. salarius KCTC 12664 T . In addition, the C 18 : 1 v7c content was higher in S. salarius KCTC 12664 T than in MSSRFH1 T , but lower in S. peritrichatus JCM 18795 T than in MSSRFH1 T ( Table 2 ). The major polar lipids found in MSSRFH1
T were diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, unidentified phospholipids, amino lipids and four unidentified lipids (Fig. S3 ).
Phylogenetic distinctions, based on 16S rRNA, gyrB and rpoD gene sequences, supported the fact that strain MSSRFH1 T belongs to the genus Salinicola. However, strain MSSRFH1
T was distinguished from related type strains of species of the genus Salinicola using FAME analysis, phenotypic data and BOX-PCR profiles. Additionally, MSSRFH1
T shared low levels of similarity to other species Salinicola rhizosphaerae sp. nov.
of the genus Salinicola on the basis of 16S rRNA (,97 %), gyrB (,85 %) and rpoD (.87 %) gene sequences. Strain MSSRFH1 T also differed phenotypically from closely related species of the genus Salinicola (Table 1) . Consequently, it is proposed that the isolate MSSRFH1 T belongs to a novel species of genus Salinicola, for which the name Salinicola rhizosphaerae sp. nov. is proposed.
Description of Salinicola rhizosphaerae sp. nov.
Salinicola rhizosphaerae (rhi.zo.sphae'rae. Gr. n. rhizaroot; L. n. sphaeraa ball, sphere; N.L. gen. n. rhizosphaerae of the rhizosphere, pertaining to the soil from which the type strain was isolated).
Cells are aerobic, Gram-stain-negative rods and motile. After 60 h of incubation at 28 uC on Zobell marine agar containing 8 % (w/v) NaCl, colonies are circular, 2 cm in diameter, smooth, yellow and with scalloped margins; they are nonswarming with a sticky consistency. Indole is not produced, methyl red is positive and the Voges-Proskauer test is negative. Catalase, oxidase and citrate tests are negative. Negative reactions occur for starch hydrolysis, urea and H 2 S production. Growth occurs at NaCl concentrations of 0.5-30 % (w/v). The temperature range for growth is 20-37 uC (optimum growth at 10-15 uC). The pH range for growth is 4-9. The following compounds are used as sole carbon sources: glucose, fructose, D-mannose, galactose, mannitol, lactose and raffinose. The following compounds are not used as sole carbon sources: inositol, trehalose, malic acid, arabinose, sorbitol and maltose. Acid is produced from glucose, fructose, galactose and mannitol, but not from trehalose. Major cellular fatty acids are C 18 : 1 v7c, C 16 : 0 , C 19 : 0 v8c and minor amounts of C 10 : 0 , C 12 : 0 , C 12 : 0 3OH, C 14 : 0 3OH/C 16 : 1 iso I, C 16 : 1 v7c/C 16 : 1 v6c , C 17 : 0 cyclo are also present. The major polar lipids found were diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, unidentified phospholipids, amino lipids and four unidentified lipids.
The type strain, MSSRFH1
T (5 KCTC 32998 T 5 NBRC 110222 T ) was isolated from the rhizosphere region of Avicennia marina from Pichavaram mangroves, Tamil Nadu, India. The genomic G+C content of the type strain is 64 mol%. 
